Chemical prophylaxis is known to reduce the venographic prevalence of deep-vein thrombosis (DVT) after total knee replacement (TKR), but it is uncertain whether this affects the incidence of symptoms. Further analysis depends on the basic epidemiology of thromboembolic symptoms. We therefore studied the pattern of such symptoms in a consecutive series of 1000 patients with primary TKR, with particular reference to risk factors and prophylaxis.
The need for thromboprophylaxis after joint replacement is uncertain for three reasons. First, there is good evidence that chemical thromboprophylaxis reduces the venographic prevalence of deep-vein thrombosis (DVT), but there is little to suggest that this results in a reduction of symptomatic incidence. This information is essential for a balanced judgement on prophylaxis, particularly since chemical prophylaxis may carry a risk of side-effects. Secondly, the duration of increased risk is unknown, but is needed to determine the duration of prophylaxis. Thirdly, randomised clinical trials normally include all patients and cannot show whether prophylaxis should be universal or selective (at the surgeon's discretion or for patients believed to have additional risk factors).
To provide some data based on current practice, unaltered by trial conditions, we aimed to describe the usual practice in a large regional orthopaedic centre with 12 consultants performing total knee replacement (TKR), and the resultant pattern of symptomatic thromboembolism. This practice changed during the study period because chemical prophylaxis became more widely used and added the opportunity to discover whether the somewhat random use of prophylaxis was associated with either a reduction of symptomatic thromboembolic events or an increased risk of side-effects. The study could not be designed as strictly prospective or randomised, since this would have altered customary practice and its consequences. We therefore designed a follow-up study of 1000 consecutive primary TKRs with the aim of acquiring accurate and complete data on the incidence of symptomatic venous thromboembolism during the first three months after surgery.
PATIENTS AND METHODS
We studied 1000 consecutive patients having a primary TKR as recorded prospectively on a regional database serving 12 consultants, from August 1992 to November 1995. We reviewed in detail the case notes and radiology reports of each patient and confirmed the completeness of the data by postal or telephone enquiries to all patients or by contact with their general practitioners. Death certificates or postmortem reports were obtained for all patients who had died. The specific data recorded are shown in Table I . We recorded all thromboembolic events within 12 weeks as attributable to surgery. 1 The process of data acquisition is summarised in Figure 1 . Definitions (Table I ). The clinical diagnosis by symptoms and signs of DVT or pulmonary embolism (PE) is notoriously unreliable. In cases of reasonable clinical suspicion, patients were investigated by venography or ventilation/ perfusion scanning. Full records of these investigations were obtained. Symptomatic PE was recorded when a patient had symptoms leading to a ventilation/perfusion scan which showed a high probability of PE. Symptomatic DVT was noted when a patient had symptoms leading to a venogram which showed a DVT.
Readmission was recorded when a patient, having been discharged from hospital, returned with symptoms leading to a radiologically-confirmed diagnosis of either DVT or PE. Risk factors were recorded as positive when the case notes or a patient interview revealed a previous history of venous We recorded full details of chemical prophylaxis including the time of starting, the duration, and the dosage. The use of graduated compression stockings and of regional anaesthesia, both of which are regarded as adjunctive prophylactic measures, was determined from the nursing and anaesthetic charts. Statistics. Data were recorded on a purpose-modified database (Microsoft Access), and the incidence rates and relative risks were calculated with 95% confidence intervals (CI); (Confidence Interval Analysis, BMJ, London). Categorical variables were compared using the chi-squared test. Ordinal variables were compared with the Mann-Whitney U test, and continuous variables with the t-test.
RESULTS
The records for nine of the 1000 patients could not be located and therefore data on prophylaxis were not available for them. Direct contact with these patients enabled us to assess the presence of risk factors and the occurrence of clinical DVT or PE. Routine direct contact with patients by letter or telephone detected only one additional complication which would not have been discovered. Types of prophylaxis. All patients used graduated compression stockings, and 83.3% had regional anaesthesia. A total of 336 patients (33.9%) had chemical prophylaxis; this was by low-molecular-weight heparin (LMWH) in 75%, unfractionated heparin in 17.2%, warfarin in 3.9%, and warfarin with heparin in 3.9%. Chemical prophylaxis was increasingly used during the study period (Fig. 2) , and the proportion of patients having LMWH rose from 25% to 95% of all chemical prophylaxis during this period. The proportion of those developing symptomatic venous thromboembolism (VTE) was similar in those receiving prophylaxis (37 of 366, 10.1%) and in those without chemical prophylaxis (69 of 655, 10.5%). The relative risk was 0.96 (95% CI 0.66% to 1.40%; chi-squared test = 0.04, p = 0.84). The particular choice of prophylaxis was not governed by a protocol or guidelines, but was made empirically according to the surgeon's beliefs and risk assessment. Death. Seven patients died within 90 days of knee replacement (0.7%, 95% CI 0.2% to 1.4%) ( Table II) . The only patient who died of proven PE had no risk factors other than obesity and had been given no chemical prophylaxis. The two deaths reported to be due to bronchopneumonia could be attributed to PE, although the clinical picture suggested that this was improbable. The fatal PE rate was therefore 1 of 1000 (0.1%, 95% CI 0.003% to 0.56%). Symptomatic PE (Fig. 3) . Ventilation/perfusion scanning was performed in 23 patients for symptoms consistent with PE. Nineteen of these were positive (1.9% of the study population, 95% CI 1.2% to 3.0%). Two of those with proven PE also had venographically-proven symptomatic DVT (one major calf, one popliteal). Both of these patients had been given chemical prophylaxis. Three additional patients who were having treatment for a proven major DVT subsequently had symptoms consistent with PE, but this was not confirmed radiologically. Symptomatic DVT (Fig. 3) . Venography was performed in 119 patients for symptoms consistent with DVT. This confirmed the clinical diagnosis in 89 patients (8.9% of study population, 95% CI 7.2% to 10.8%). There were 5 thigh, 8 popliteal, 2 major calf with small femoral, 50 major calf and 24 minor calf thrombi. Of the 106 with positive results 72 were judged to have a DVT or PE which required treatment with full therapeutic anticoagulation. Duration of risk (Fig. 3) . Day 6 was the median day of onset of PE and DVT. The patients with risk factors developed clinical symptoms earlier than those without such factors (median day of onset day 5 against day 7; U statistic 812.5, p = 0.01). The median day of onset of groups with or without chemical prophylaxis was also day 6.
Ten patients (10 of 893, 1.1%, 95% CI 0.5% to 2.1%) were readmitted with thromboembolism. Four had proven (Fig. 4) The effect of risk factors and prophylaxis on the event rate.
as a data source since only one extra event was detected by further contacts with the patient or general practitioner. The study was designed to discover the profile of symptomatic thromboembolism associated with existing practice. Such a profile cannot be acquired from a randomised study since the necessary methodology, such as the inclusion of all patients regardless of risk factors and the use of routine venography, would obscure the information which we aimed to analyse. Previous studies. Little is known about the incidence and timing of clinical venous thromboembolism after TKR. In two series in which chemical prophylaxis had not been used, Khaw 
Importance of symptomatic venous thromboembolism.
Patients with proven PE (high probability V/Q scans) and those with major calf and proximal DVTs are treated to reduce the chance of recurrence. Treatment by full anticoagulation after a joint replacement carries a complication rate of up to 45%, 8 which adds to the potential cost and morbidity of thromboembolism. One patient in our series required a local flap and eventually an arthrodesis after developing a wound haematoma during therapeutic anticoagulation. Symptomatic DVT is reported to lead to clinical chronic venous insufficiency in 30% to 90% of patients within five years, 9 but it is not clear that therapeutic anticoagulation reduces this risk. Symptomatic VTE, sustained by 10.6% in our series, causes morbidity in addition to the costs of investigation, drugs, monitoring, accommodation and the treatment of complications of therapeutic anticoagulation. Clinically effective prophylaxis is an urgent requirement, but did not seem to be provided by the practice in our study. Importance of small calf thrombi. Leg swelling and calf pain are common after TKR, as are calf thromboses (some 60%). For this reason some patients with symptoms consistent with a DVT may have had a venogram which revealed a coincidental, but not causal, thrombosis, regardless of whether that thrombosis was the cause of the symptoms. The poor specificity of the clinical diagnosis of DVT 10 has been emphasised by our finding that, of 119 venograms for symptoms consistent with DVT, 30 were normal (25%).
The clinical significance of calf DVT is a controversial subject. Some authors report that treatment does not reduce symptoms, or the risk of propagation. 11, 12 Despite this it is known that a calf DVT after knee replacement can propagate into the proximal veins, 13, 14 leading to a risk of PE. 7 Serial imaging of calf thrombi has been recommended to detect and allow treatment of propagating thrombi. We have used an empirical, but pragmatic, approach; we treat major calf and proximal thrombi, but ignore small calf thrombi. Venographic evidence in thromboprophylaxis after knee replacement. Randomised studies have shown that LMWH is superior to warfarin and to standard heparin in reducing the venographic prevalence of DVT, [15] [16] [17] [18] [19] [20] [21] [22] and there is very little evidence to support the use of aspirin or dextran. Even with LMWH prophylaxis there is only a 50% reduction in venographic DVT, from a control prevalence of 60% to 30%. Mechanical prophylaxis is attractive, because there is no risk of haemorrhagic side-effects. There is some evidence that intermittent pneumatic calf compression reduces venographic DVT, [23] [24] [25] and foot impulse pumps, which are less intrusive, have been shown to reduce effectively the venographic prevalence of DVT, particularly of proximal thrombi. 26, 27 As yet there are no valid reports comparing mechanical methods with the use of LMWH.
Value of existing trial data. Definitive comment on the efficacy and safety of thromboprophylaxis should be made only on data from adequately-sized randomised studies which use specific protocols and objective outcomes; our study was not designed to fulfil these criteria. The usual randomised trials use venography as an outcome. This indicates prevalence, the frequency at one moment in time, but gives no information on incidence, the overall number of events. In addition, venography is an unvalidated substitute for the real outcome of interest, which must be symptomatic VTE. Our study has raised the possibility that current prophylactic protocols, all based on venographic evidence, may not alter the symptomatic expression of thromboembolism. This requires further study, particularly when an additional risk is associated with prophylaxis. Future trials should emphasise the clinical rather than the radiological outcomes. The effect of bias in our study design. The discrepancy which we found between the risk reduction expected from venographic trial data, and the disappointingly unaltered rate of symptomatic event needs consideration. One possibility is that the expected gain suggested by venographic studies was not translated into clinical benefit. A second possibility is that compliance may not have been optimal, although review of the prescription charts showed that medication was given correctly in nearly all cases.
There were two other potential sources for bias. Complications may have been sought, investigated and recorded more thoroughly in the prophylaxis group, perhaps because of cynicism concerning chemical agents. The second possible bias, increasing awareness of VTE, was that the wider prescribing of thromboprophylaxis led to a lower threshold for radiological investigation of symptoms. Our results suggest that neither of these potential biases was important.
The proportion of those having venograms or V/Q scans was similar in patients having chemical prophylaxis (53 of 336, 15.8%) and in those without (85 of 655, 13.0%) (chisquared test = 1.45, p = 0.2). Similarly, the proportion of positive venograms and positive V/Q scans was also similar in the prophylaxis and no-prophylaxis groups (37 of 53, 70% and 68 of 85, 80% respectively, chi-squared test = 1.86, p = 0.17). Safety of chemical prophylaxis after knee replacement. We found a higher relative risk of haemorrhagic complications in the prophylaxis than in the no-prophylaxis group (relative risk 1.73). Our study design does not exclude the possible bias that bleeding complications were more likely to be recorded after chemical prophylaxis because of preconceptions of this risk. Few data are available to confirm or refute the concerns of some surgeons 28 that chemical prophylaxis is associated with bleeding. One small randomised controlled study has compared LMWH with placebo after TKR; 22 this showed no apparent difference in major haemorrhagic complications. Risk factors. We found the incidence of VTE to be higher in those with risk factors (RR 1.59), but even then 9.5% of patients with no obvious clinical risk factors developed symptomatic thromboembolism, which means that selective prophylaxis is inappropriate. The aim should be universal prophylaxis by a clinically-effective, cost-effective and safe method. More research is essential before the most appropriate method can be recommended. Prolonged prophylaxis. Our finding of a 1.1% incidence of problems after discharge raises the question of prolonged prophylaxis after leaving hospital. Five of the six clinically evident DVTs occurring after discharge were small and of dubious significance. This suggests that the risk of thromboembolism after discharge is too low to justify an extension of prophylaxis after knee replacement. There are no trial data to support such a policy, and any such investigations must carefully consider cost, efficacy, safety and compliance. Conclusions. We have tried to establish a profile of symptomatic thromboembolism in mixed clinical practice to provide a background for discussion of thromboprophylaxis. Symptomatic, radiologically-confirmed thromboembolism is common, usually within ten days of surgery, and significant events are unusual after discharge. Fatal PE is rare, and the main risk factor is knee replacement itself, not any clinically-identifiable factor. Chemical prophylaxis may not influence the clinical incidence of thromboembolic events; such prophylaxis may carry an increased risk of wound complications.
Further studies are required to find the most effective, safe and economic form of prophylaxis, with consideration of clinical as well as venographic outcome.
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